To understand the molecular mechanism of hemorrhagic tendency represented in hemorrhagic fever with renal syndrome (HFRS), the effect of Hantaan virus (HTNV) on the von Willebrand factor (vWF) was observed in human 
INTRODUCTION
Hantaviruses cause two human disease, hemorrhagic fever with renal syndrome (HFRS), and hantavirus pulmonary syndrome (HPS), each able to manifest with varying degrees of severity (8, 11, 12, 13) The von Willebrand Factor (vWF) is a large multimeric protein, which is synthesized by megakaryocytes and endothelial cells (22, 23) . Although platelets also harbor vWF, the majority of vWF originates from the endothelial cells.
The endothelial cells synthesize two forms of vWF: the vWF dimers, which are secreted into the plasma and the subendothelial matrix, and the granular vWF multimers, which are stored in the Weibel-Palade bodies (WPBs) for rapid mobilization in response to activating molecules, including thrombin (7) . In case of vascular injury, vWF acts as a molecular bridge between platelets and the exposed subendothelium, leading to the formation of platelet thrombi and the subsequent arrest of bleeding (16, 21) . Another wellknown aspect of vWF function is to carry and stabilize coagulation factor VIII, an anti-hemophilic factor, in plasma.
Any quantitative or qualitative defect of vWF leads to von
Willebrand disease (VWD), a genetic bleeding disorder. And also the thrombotic thrombocytopenic purpura (TTP) has implicated abnormal plasma von Willebrand factor (vWF)-cleaving metalloprotease activity (18) . vWF expression is necessary not only for the targeting P-selectin and IL-8 to the WPBs but also for the adhesion of leukocyte through integrins (3, 7, 9, 17) . Therefore, vWF plays a prominent role in primary haemostasis and may modulate inflammatory process through its ability to target inflammatory mediator to the regulated secretion pathway of the endothelium.
In this study, we have observed the time-related effect of HTNV on vWF in human umbilical veins endothelial cells, in order to elucidate the mechanisms underlying the characteristic hemorrhage observed in HFRS.
MATERIALS AND METHODS

Cells and virus
The human umbilical vein endothelial cells (HuVECs) used in this study were purchased from Modern Tissue 
Immunofluorescence staining
HuVECs were harvested and incubated overnight in 
Western blot
For immunoblot tests, confluent monolayers of HuVECs were lysed with lysis buffer (50 mM Tris, 150 mM NaCl, 5 mM EDTA, 0.5% NP-40, 5 mM DTT, 0.2 mM NaOrthovanadate, 100 mM NaF, 1 mM PMSF, 10 µg/ml aprotinin, Rockford, IL, USA), then exposed to X-ray film.
RT-PCR
Total RNA was extracted using RNA Bee (Tel-Test, 
Enzyme-linked immunosorbent assay (ELISA) for vWF
The amounts of secreted vWF in the supernatants of cultured HuVECs were determined with an ELISA assay as described by the manufacturer (Gradipore, Frenchs Forest, Australia). The culture media from the individual dishes were harvested and centrifuged for 15 minutes at 13,000 × g, and the supernatants were frozen at -80℃ until used.
The optical densities were determined at 450 nm and converted to unit by following the instruction of manufacturer.
RESULTS
Immunofluorescence pattern of vWF in HTNVinfected HuVECs
The vWF and HTNV in the HuVECs were visualized via double immunostaining at 7 th day post infection (d.p.i.).
Most control HuVECs strongly expressed vWF in their cytoplasm (Fig. 1A) . However, HTNV-infected HuVECs showed mush less vWF than in surrounding HTNVuninfected cells (Fig. 1B) . The HuVECs, which was counterstained with Hoechest 33258 after double immunostaining, showed obvious differences between the HTNV-infected and non-infected with regard to vWF expression (Fig. 1C) . 
HTNV reduced the vWF in HuVECs
The amounts of vWF protein in the HuVECs were quantified using Western blot analysis. (Fig. 2B) . The expression of vWF protein in HTNV-infected HuVECs showed inverse relation with HTNV RNA expression ( Fig. 2A, 2B ).
vWF mRNA expressions were not significantly different
In order to determine whether the reduction of vWF protein was regulated at the transcriptional level or not, we observed the levels of vWF mRNA in both control and HTNV-infected HuVECs by RT-PCR. The difference of the vWF mRNA expression between control and HTNVinfected HuVECs was not significant at each time points (Fig. 3 ).
Secreted vWF levels were reduced in HTNVinfected HuVECs
The culture supernatants of the control and HTNV- (Fig. 4) . 
DISCUSSION
The primary hematological characteristics of HFRS include hemorrhage, thrombocytopenia, and disseminated intravascular coagulation (DIC) (4, 6, 15) . According to the clinical and laboratory findings, hemorrhage appears between 2 to 5 days after the emergence of fever. Also, the platelet counts and coagulation factors, including factor II, V, VIII, IX, and X decreased in the early stages of disease (14, 20) .
However, there were no evidences of the direct endothelial cell damage inflicted by Hantaviruses, both in vivo and in vitro. Recently, several studies have used endothelial cells to characterize the pathogenesis of HFRS and HPS, and it is known that HTNV can provoke changes in a variety of molecules, including interferon-related molecules, chemokines, and cell surface receptors, etc (2, 5, 10, 19, 20, 24) .
One of the most significant findings in this study was that Hantaan virus inhibits the accumulation of vWF in endothelial cells (Fig. 1, Fig. 2A ). Especially, vWF was greatly reduced at 3 rd d.p.i. when the viral RNA expression reached the peak and the expression of vWF showed inverse relation with HTNV RNA expression ( Fig. 2A, 2B ). To find out whether the change of vWF was regulated at the transcriptional level or not, we performed RT-PCR and there were no significant differences between control and HTNV-infected HuVECs and this result was consistent with the results of a previous study (20) (Fig. 3) . In addition, the ELISA results revealed that the secretion of vWF gradually Fig. 2A, Fig.   4 ). The secretion of vWF increased from 3 rd to 7 th d.p.i. in both groups (Fig. 4) , but the upper bands were still weak until 5 th d.p.i. in both groups ( Fig. 2A) . From those results, we expected that the secretion of vWF was prior to the accumulation in HuVECs. Hantaan virus is an enveloped virus with two glycoproteins (G1 and G2). In the HTNV replication processes, the synthesis of viral glycoproteins takes place in ER and Golgi. Therefore, we could speculate that the synthesis of vWF might be inhibited by competition with HTNV in ER and Golgi and it might overcome when the HTNV replication had decreased at late time.
Since vWF is one of very important factor in primary haemostasis together with platelet, the lack of vWF in the HTNV-infected endothelial cells might involve in the mechanisms underlying the hemorrhagic tendencies associated with HFRS.
